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DEEP HOLE STATES I N  TWO PARTICLE TRANSFER REACTIONS 
G.M. Crawley,* D. Weber,* S. Gales,* W. Benenson,* B. Zwieglinski,* 
B.M. Spicer,** V. Officer ,** G.G. Shute,** D. F r i e s e l  and A.D. Bacher 
The purpose of t h i s  experiment was t o  f u r t h e r  ex- O Z ~  and 58~ i .  An angular  d i s t r i b u t i o n  of t he  (p, t )  
p lo re  t h e  broad s t r u c t u r e  observed i n  (p, t )  r eac t ions  and (p,d) r eac t ions  from 15' t o  45' was measured on the  
i n  t h e  t i n  i so topes  a t  a bombarding energy of 42 MeV. 1 2 0 ~ n  t a r g e t .  
The experiment a t  IUCF was ca r r i ed  out  i n  two runs i n  S t ruc tu re  s i m i l a r  t o  t h a t  observed a t  lower bom- 
June and Dec. 1978 using the  90 MeV proton beam. A barding energy was c l e a r l y  observed i n  t he  t r i t o n  
Si(AE) and intr insic-Ge(E) de t ec to r  te lescope  was used spec t r a  on t h e  Sn i so topes  a s  shown i n  Fig.  1. Broad 
to  d e t e c t  the  t r i t o n s .  Deuteron spec t r a  from t h e  (p,d)  f e a t u r e s  were a l s o  observed i n  t he  spec t r a  from the  
r eac t ion  were recorded simultaneously. Elas t i c  protons o the r  i so topes  s tudied  except f o r  t h e  case  of 58~ i .  
were excluded using a ve to  de t ec to r .  Spectra were ob- The (p,d) spec t r a ,  a l s o  displayed i n  Fig. 1, showed a 
ta ined  from t a r g e t s  of 1 4 4 ~ m ,  1 2 4 ~ n ,  1 2 2 ~ n ,  120sn, 9 4 ~ 0 ,  very c lean  e x c i t a t i o n  of t he  s i n g l e  ho le  s t a t e s  i n  t he  
Ep= 88 MeV 
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Figure I .  Spectra of deuterons and tr i tons a t  a Zaboratory angle of 25 degrees from bornbarhent of t i n  isotopes 
with 88 MeV protons. Strong excitation of the g 9 /2  hole i s  observed near channel 1350 i n  the (p,d) 
spectra. A broad feature near channel 1300 i s  also observed i n  the t r i t on  spectra. 
t i n  i so topes  a s  wel l  a s  the  higher l y i n g  analogue l a t i o n  should he lp  c a s t  f u r t h e r  l i g h t  on t h e  na tu re  of 
s t a t e s .  Higher l y ing  s t a t e s  were a l s o  observed i n  most these  f e a t u r e s  a t  h igh  e x c i t a t i o n  energy. A r e p o r t  of 
of the  i so topes  s tudied .  Perhaps t he  b e s t  example was t h i s  work is being prepared f o r  pub l i ca t ion .  
the  9 0 ~ r  (p,d)  r e a c t i o n  (a  spectrum a t  25' is shown i n  
Fig. 2) where g9/2-1, f5/2-l ,  f7/2-' and th ree  T, *Cyclotron Lab, Michigan S t a t e  Univers i ty .  
analogue s t a t e s  were observed. I n  addi t ion ,  a broad **Physics Department, Universi ty of Melbourne. 
peak can be seen a t  around 15  MeV e x c i t a t i o n  which 1) G.M. Crawley, W. Benenson, D. Weber, and 
B. Zwieglinski, Phys. Rev. L e t t e r s  2, 
might correspond t o  ho le s  i n  t h e  2sld s h e l l .  1451 (1977). 
Comparison of the measured angular  d i s t r i b u t i o n  
with the  t heo rec t i ca l  p r ed i c t i ons  from a DWBA calcu- 
Figure 2. Spectra o f  deuterons from the (p,dl reaction a t  a bombarding energy of 88 MeV. Excitation of 
hote states be ta ,  5 MeV o f  excitation are marked as wet2 as three strong T, states. A broad structure 
near 15 MeV excitation (marked by an arrow) could be due t o  holes i n  the 5d shell.  
